Abstract. The prediction of extraurothelial recurrence (EUR) before radical nephroureterectomy (RNU) is difficult for patients with upper tract urothelial carcinoma. If EUR can be predicted preoperatively, it may be possible to determine the need for neoadjuvant chemotherapy or the surgical strategy. Our previous study identified preoperative risk factors for EUR in ureteral cancer, while the present study identified preoperative risk factors for EUR in renal pelvic cancer (RPC). The preoperative factors were reviewed in 71 N0M0 patients with RPC treated by RNU between 1999 and 2013. Preoperative clinical background data, laboratory test results, including inflammatory indices, lactate dehydrogenase (LDH), and estimated glomerular filtration rate, and radiological findings were subjected to multivariate analyses to identify independent predictive factors for EUR. The 3-year EUR-free survival (EURFS) rate was 81.9%, and univariate analysis showed that clinical T (cT) stage ≥3, white blood cell counts ≥7600/µl, neutrophil counts ≥4,500/µl, neutrophil-to-lymphocyte ratio ≥2.0, and LDH ≥210 IU/l were significantly associated with EURFS. Additionally, a cT stage ≥3 (P= 0.0244) and LDH ≥210 IU/l (P= 0.0322) were independent predictors for EUR. When patients were stratified into three groups according to the number of risk factors, the 3-year EURFS rates were 94.5, 76.3, and 33.3% for the low-, intermediate-, and high-risk patient groups, respectively. In conclusion, cT stage ≥3 and LDH ≥210 IU/l were preoperative predictive factors of EUR in patients with RPC. High-risk patients may be candidates for neoadjuvant chemotherapy and low-risk patients may be candidates for RNU without lymph node dissection.
Introduction
Extraurothelial recurrence (EUR) is difficult to predict in patients with upper tract urothelial carcinoma (UTUC) prior to radical nephroureterectomy (RNU). Previously reported predictors for EUR, such as pathological T (pT) stage and lymphovascular invasion (LVI) (1) (2) (3) (4) , cannot be determined prior to surgery. Identification of high-risk patients for EUR using preoperative factors, may allow neoadjuvant chemotherapy followed by RNU with extended lymph node dissection (ELND) to improve the survival of these patients. By contrast, determining which patients have a low-risk for EUR, may allow minimally-invasive surgery such as laparoscopic RNU without lymph node dissection (LND) to be used safely in these individuals.
A previous study was performed to identify the preoperative predictors for recurrence in UTUC patients, and clinical T stage and a neutrophil counts of ≥4,000/µl were independent predictors of recurrence (5) . Additional previous studies (6) (7) (8) have tried to identify the preoperative predictors of muscle-invasive or non-organ-confined disease, as patients with these conditions are considered to be at very high risk of UTUC recurrence. In these previous reports, tumor location, cytology, the presence of hydronephrosis, local invasion observed on imaging, a high-grade tumor confirmed by ureteroscopic biopsy, architecture observed on ureteroscopy were identified for predictors for muscle-invasive or non-organ-confined disease in UTUC patients (6) (7) (8) . However, the authors performed ureteroscopy in all patients. Routine use of ureteroscopy before RNU appeared to be an invasive procedure for some UTUC patients. Predicting EUR by using more simple preoperative factors would reduce the invasiveness of the diagnostic methods for the patients.
Due to anatomical differences, it did not appear to be appropriate to categorize preoperative radiological findings of renal pelvic cancer (RPC) and those of ureteral cancer (UTC) using the same classification criteria. For example, RPC located at renal calyx is unlikely to invade the Gerota's fascia because of the presence of renal parenchyma. By contrast, UTC easily invades the surrounding tissues. Furthermore, invasive UTC easily leads to the full dilation of the renal pelvis and renal calyces, whereas RPC does not easily lead to the full dilation of the renal pelvis and renal calyces, even when RPC invades the renal parenchyma. In addition, some authors reported that patients with UTC had a worse prognosis than that of patients with RPC, when tumor grades or stages are comparable (9, 10) . Therefore, patients with RPC and UTC were analyzed separately, with a focus on patients with RPC.
We previously analyzed patients with UTC to determine preoperative risk factors for EUR and demonstrated that clinical T (cT) stage, ureteral tumor length along the ureter ≥3 cm, positive urine cytology, and an estimated glomerular filtration rate (eGFR) <60 µl/min/1.73 m 2 were independent predictors for EUR, and risk classification for EUR could be established in patients with UTC (11) . Furthermore, patients in the high-risk group rapidly developed recurrence, and therefore appeared to be potential candidates for neoadjuvant chemotherapy. In addition, patients in the low-risk group had a low risk for EUR, and appeared to be candidates for omission of LND.
The aim of the present study was to identify preoperative predictors for EUR in patients with RPC.
Patients and methods
The medical records of 150 N0M0 patients with pathologically diagnosed urothelial carcinoma, and treated by unilateral RNU at our institute between April 1999 and July 2013 were retrospectively reviewed. Of the 150 patients, 76 had RPC, including one with concomitant invasive bladder cancer who underwent both RNU and radical cystectomy, and another with RPC who underwent radical cystectomy 1 year prior to RNU, due to muscle invasive bladder cancer. Therefore, these two patients were excluded from the present study. Three patients with concomitant UTC with radiologically confirmed invasive growth were also excluded from the present study. Finally, a total of 71 patients with RPC were evaluated in the present study. Among these patients, noninvasive UTC was suspected in three according to preoperative radiological examinations. The median follow-up period was 50.3 months (range, 1-160 months). The study protocol was approved by the institutional review board (approval no. 2086).
Forty patients underwent open nephroureterectomy, while 31 were treated by laparoscopic nephroureterectomy. Regional LND was performed in 13 patients (18.3%) with suspected enlarged LNs, detected during intraoperative inspection, or with suspected advanced clinical stage by preoperative radiological examinations. The extent of regional LND was often limited (e.g., only the renal hilus) and ELND was not routinely performed. One of the 13 patients who underwent LND was found to have LNM. Of the remaining 12 patients with pN0 disease, recurrence developed in two (lymph node metastasis revealed in 1 of the 2 patients). No patients in the present study received neoadjuvant chemotherapy. Cisplatin-based adjuvant chemotherapy was administered to 12 patients with pathologically confirmed lymph node metastasis or muscle invasive disease. Local recurrence and metastasis were monitored by examining each patient every 3-6 months for the first 5 years following surgery, and every 6-12 months thereafter. Intravesical recurrence and recurrence in the contralateral upper urinary tract (UUT) were not considered as EUR in the current study. No patient developed recurrence in the contralateral UUT.
Radiological findings, including cT stage, presence of hydrocalyx, and maximal tumor size on an axial view were determined by computed tomography (CT) and/or magnetic resonance imaging (MRI). Clinical T stage was determined according to the TNM classification (12) and classified as T ≤2 or ≥3. Contrast-enhanced CT and/or contrast-enhanced MRI were used for the determination of cT stage. If RPC patients had decreased renal function, both CT and MRI without contrast media were used. The lesion was considered to be a clinical T3 tumor when the tumor obviously extended into the adjacent renal parenchyma or when the margin of the tumor was irregular and the invasion toward peripelvic fat tissue was strongly suspected. The lesion without obvious invasion toward renal parenchyma or peripelvic fat tissue was considered to be clinical T2 or less.
Urine cytology was evaluated by Papanicolaou staining. Positive cytology was defined as the presence of malignant or atypical cells in voided specimens. Grading of Papanicolaou staining was determined using a 5-grade system. Inflammatory indices (white blood cell count, neutrophil count, C-reactive protein level, and neutrophil-to-lymphocyte ratio) (13) were evaluated using laboratory tests. The neutrophil-to-lymphocyte ratio (NLR) was calculated by dividing the absolute neutrophil count by the absolute lymphocyte count. The eGFR was calculated using the following equation: eGFR (ml/min/1.73 m . The cut-off values for these laboratory tests are shown in Table I . Upper normal limits were used as cut-off values for C-reactive protein (CRP) levels. For white blood cell (WBC) count, neutrophil count, NLR, and lactate dehydrogenase (LDH), the values best discriminating between good and poor survival was determined by testing all possible cut-off values within the central 85% of the distribution of values. Laboratory data were obtained by performing blood tests within one month prior to RNU.
Statistical analysis.
Results are presented as means ± standard deviations. Survival curves were constructed using the Kaplan-Meier method, and differences between them were assessed using the log-rank test. To identify preoperative predictors of EUR, univariate and multivariate analyses were performed using the Cox proportional hazards model. P<0.05 was considered to indicate a statistically significant difference.
Results
Patient characteristics, radiological findings, and laboratory test results are listed in Table I . Twelve (16.9%) of 71 patients were diagnosed with EUR. Of these 12 patients, initial recurrence developed in the LNs in seven, the distant organs in nine, and both LNs and distant organs in four. The median time to EUR was 6.5 months (range, 1.0-13.0) in the 12 patients.
The 3-year EUR-free survival (EURFS) rate was 81.9% (Fig. 1 ). The EURFS rates (Fig. 2) were significantly lower in patients with cT ≥3 than in those with cT ≤2 (Fig. 2A) , patients with neutrophil counts ≥4,500/µl than in those with neutrophil counts <4,500/µl (Fig. 2B) , patients with NLR ≥2.0 than in those with NLR <2.0 (Fig. 2C) , patients with LDH ≥210 IU/l than in those with LDH <210 IU/l (Fig. 2D) , and patients with WBC counts ≥7600/µl than in those with WBC counts <7600/µl (P=0.0243; data not shown).
The Cox proportional hazards model was used to evaluate preoperative predictors of EURFS. Univariate analysis showed cT ≥3, WBC count ≥7600/µl, neutrophils ≥4,500/µl, and LDH ≥210 IU/l significantly associate with EURFS. Multivariate analysis showed that cT ≥3 (HR=3.759) and LDH ≥210 (HR=3.521) were significant predictors of EURFS, but WBC counts ≥7600/µl and neutrophil counts ≥4,500/µl were not (Table II) .
The 71 patients were stratified into three groups according to the number of risk factors (n=0, 1, or 2). The 3-year EURFS rates of the three groups were 94.5, 76.3 and 33.3%, respectively (Fig. 3A) . We found a significant difference in EURFS rates between the low-risk and intermediate-risk groups (P=0.0353) and the difference was close to significant between the intermediate-risk and high-risk groups (P= 0.069). When the postoperative factors in each group were further evaluated, the high-risk group was associated with higher pT stages and higher percentages of LVI (Table III) .
Discussion
The present study focused on RPC and evaluated preoperative factors to identify predictors of EUR. Multivariate analysis revealed that cT stage ≥3 and preoperative LDH level were independent predictors of EUR. The present study also stratified the patients into three groups according to the number of risk factors. In our previous study evaluating UTC, we identified cT ≥3, tumor length, positive urine cytology, and eGFR <60 as independent predictors for EUR (11) . Only cT stage was an independent predictor for both UTC and RPC. Also, in our previous study, univariate analysis revealed that cT stage, tumor length along the ureter, maximal tumor diameter, positive urine cytology, NLR ≥3.0, and eGFR ≤60 ml/min/1.73 m 2 were significant risk factors for UTC (11) . Notably, even significant factors identified by univariate analysis considerably differed between patients with UTC and those with RPC. Because preoperative predictors for EUR differed (with the exception of cT stage between UTC and RPC), it may be more advantageous to determine preoperative predictors for EUR in patients with UTC and those with RPC, separately.
Previously, a number of authors attempted to identify preoperative predictors of UTUC recurrence (3-5). Hashimoto et al (5) identified that cT stage and neutrophil count of ≥4,000/µl were independent predictors of recurrence (5) . However, the present study separately evaluated patients with UTC and those with RPC, which was a novel approach. Another three studies reported that ureteroscopic grade and tumor architecture determined by ureteroscopy were independent predictors of muscle-invasive or non-organ-confined disease (2-4). Although factors which can be determined by ureteroscopic examination such as ureteroscopic grade and tumor architecture appear to be strong predictors for EUR, the current study aimed to identify predictors for EUR by using simple preoperative factors that can be determined without ureteroscopic examination.
The results of the present study demonstrated that cT stage was an independent predictor for EUR. It is difficult to determine pathological T stage by radiological examination. By Table II . Preoperative factors predicting extra-urothelial recurrence in N0M0 patients with renal pelvic cancer. radiography, microscopic T3 tumors do not show obvious extension towards renal parenchyma or peripelvic fat tissue, and are likely to be categorized as cT≤2. In the present study, a total of 17 of 19 tumors which were categorized as cT≥3 were diagnosed as pT3 or more (89.5%, 16 patients had pT3 tumors and one had pT4). By contrast, 21 of the 51 tumors categorized as cT≤2 were diagnosed as pT3 (41.2%), suggesting there was difficulty in determining the pT stages by radiological examinations. Furthermore, pT3 tumors categorized as cT≤2 appeared to have a better EURFS rate than pT3 tumors that were categorized as cT≥3 (2-year-EURFS rate: 85.2 vs. 59.6%, P=0.1381). This may be one of the reasons for cT stage being a strong predictor for EUR.
Univariate Multivariate -------------------------------------------------------------------------------------------------------------------------
Preoperative LDH level is a novel preoperative predictor for EUR in renal pelvic cancer patients. Additionally, LDH level is reported to be an important prognostic factor in patients with metastatic renal cell carcinoma (14) . LDH level likely reflects the quantity of tumor cells in the body. Therefore, elevated LDH levels may reflect the presence of latent metastases in patients with radiological N0M0 RPC. Preoperative LDH levels appeared to be higher in RPC patients with EUR (n=12) compared with those who did not recur (n=59; 199 vs. 181 IU/L, P=0.0591 by Mann-Whitney U test). When 12 patients who had EUR were reviewed, LDH once decreased postoperatively in all 12 patients. When EURs were detected, only 3 patients had LDH levels ≥210 IU/l. However, in 9 of the 12 patients (75%) maximal LDH levels after EUR were more than 210 IU/l (215-5370). Although postoperative LDH levels appeared not to correlate with systemic quantity of tumor cells in all patients, postoperative LDH levels increased in the majority of the 12 patients as their disease was progressed.
In previous reports evaluating prognostic factors after RNU, inflammatory indices, such as CRP (15, 16) , neutrophil count (5) and NLR (17) , were independent prognostic factors. Saito et al (15) reported that preoperative CRP level, pT stage, and lymph node involvement were significant prognostic factors for disease-specific and recurrence-free survival. A previous multi-institutional study revealed that elevated preoperative NLR was an independent predictor for disease recurrence (17) . However, these inflammatory indices were not independent factors in the present study or our previous study evaluating UTC (11) . A possible reason to explain the differences between the findings of our two studies and previous studies (15, 17) may be that we evaluated RPC and UTC separately. Another possible reason may be that we evaluated only N0M0 UTUC patients.
In addition, the present study did not evaluate tumor markers, such as cancer antigen 19-9, carcinoembryonic antigen, or squamous cell carcinoma antigen, in the present study. These factors were evaluated in our previous study of UTC (11) . However, these markers were examined for only 60-70% of patients with RPC. When these markers were analyzed by univariate analyses, none were significant (data not shown).
In our previous study of UTC, eGFR was an independent predictor for EUR (11) . However, eGFR was not an independent predictor for EUR in the current study. In case of RPC, the whole dilation of renal pelvis and renal calyces in the unilateral kidney can occur only when a tumor is located near the ureteropelvic junction or when the renal pelvis contains a large tumor. If the tumor is located near the renal calyx, the whole dilation of renal pelvis and renal calyces is not likely to occur even if the tumor is invasive. Because tumors located within limited renal calyces that invade the renal parenchyma usually decreases renal function partially, the impairment of renal function is probably minimal compared to that in patients with tumors that cause the whole dilation of renal pelvis and renal calyces. By contrast, invasive UTC can easily cause the whole dilation of renal pelvis and renal calyces, and eGFR can decrease markedly. In our previous study (11) , the median eGFR of 70 patients with UTC was 58.9 ml/min/1.73 m 2 and in the present study this was 64.8 ml/min/1.73 m 2 (UTC vs. RPC, P= 0.0722 by the Mann-Whitney U test). Moreover, although 56 of 70 patients with UTC exhibited varied degrees of hydronephrosis, 26 of 71 patients with RPC had selected hydrocalyx or hydronephrosis. The presence of hydronephrosis is related to tumor invasiveness in UTC (18) , thus eGFR might be an independent predictor for EUR in patients with UTC in our previous study (11) . By contrast, partial RPC invasion of the renal parenchyma (pT3 disease) is likely to slightly decrease eGFR. In the present study, eGFR was not a significant factor to predict EUR even by univariate analysis.
In addition to EUR prediction, our risk stratification using preoperative factors also appeared to predict patient survival (Fig. 3B) , which was nicely correlated with pT stage and the presence of LVI (Table III) . As shown in Fig. 3 , low-risk patients were at a relatively low risk for EUR (3-year EURFS=94.5%) and may be candidates for RNU without LND. In this study, there were 39 (54.9%) low-risk patients and LND may be potentially avoided in more than half of N0M0 patients with RPC, according to the proposed risk classification. By contrast, high-risk patients experience rapid recurrence within a short period after RNU. 50% of the high-risk patients who developed recurrence had distant metastases without LNM at the initial radiologically confirmed recurrence. Therefore, neoadjuvant chemotherapy should be considered for high-risk patients and following RNU with ELND may improve survival of some high-risk patients. In two multicenter retrospective studies, neoadjuvant chemotherapy followed by RNU was suggested to improve the prognosis of UTUC patients with LNM (19, 20) . Furthermore, a recent meta-analysis suggested that cisplatin-based neoadjuvant chemotherapy might prolong survival of UTUC patients (21) .
The present study has several limitations that should be addressed. First, it was a nonrandomized, retrospective, single-center study; therefore, external validation and further prospective studies with larger numbers of patients are required. Second, some patients underwent LND, the extent of which was not standardized. Analysis of more uniform populations, such as patients who did not undergo LND, presents a better method to determine EUR. However, 58 (81.7%) of 71 patients did not undergo LND, limited LND (removal of LN around renal hilus) was performed in 11 patients (15.5%), and ELND was performed for only two patients (these patients did not have LNM pathologically). Of the 39 low-risk patients, only 7 (17.9%) underwent LND and none had pathological LNM. Therefore, LND appeared to be able to be omitted in the majority of low-risk patients. Third, 12 patients with pathologically confirmed muscle-invasive RPC received postoperative chemotherapy. However, 3 (25%) of 12 patients who underwent postoperative chemotherapy developed recurrence, as compared to only 9 (15.5%) of 59 patients who did not. There was no apparent benefit of postoperative chemotherapy on EUR in our series. Moreover, only 3 (7.7%) patients in the low-risk group received postoperative chemotherapy (Table III) and the effect of chemotherapy on recurrence in the low-risk patients appeared to be minimal. By contrast, 23.1% of the intermediate-risk patients and 50% of the high-risk patients received postoperative chemotherapy. Fourth, EURFS rate was rather better compared to some previous reports (2,3) .
A small number of RPC patients in a single institute might influence on the oncological outcome in the present study. Furthermore, adjuvant chemotherapy may somewhat influence patient outcome. Although the present study had several limitations, it was possible to establish a risk classification for EUR in RPC patients using preoperative factors that could be easily determined.
In conclusion, clinical T stage ≥3 and LDH ≥210 IU/l were independent preoperative predictors of EUR in patients with N0M0 RPC treated by RNU. Risk stratification using these preoperative factors may be useful to select candidates for neoadjuvant chemotherapy and for RNU without LND. However, further studies with larger numbers of patients and external validation are required.
